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ABSTRACT
Fracture behavior in nickel-titanium (NiTi) shape memory
alloys (SMAs) subjected to mode-I, isothermal loading is stud-
ied using finite element analysis (FEA). Compact tension (CT)
SMA specimen is modeled in Abaqus finite element suite and
crack growth under displacement boundary condition is inves-
tigated for plane strain and plane stress conditions. Parameters
for the SMA material constitutive law implemented in the finite
element setup are acquired from characterization tests conducted
on near-equiatomic NiTi SMA. Virtual crack closure technique
(VCCT) is implemented where crack is assumed to extend when
the energy release rate at the crack-tip becomes equal to the
experimentally obtained material-specific critical value. Load-
displacement curves and mechanical fields near the crack-tip in
plane strain and plane stress cases are examined. Moreover, a
discussion with respect to the crack resistance R-curves calcu-
lated using the load-displacement response for plane strain and
plane stress conditions is presented.
INTRODUCTION
Unique properties of Shape Memory Alloys (SMAs), such
as pseudoelasticity and shape memory effect, are driven by a
reversible, solid-to-solid, diffussionless transformation between
austenite and martensite phases, triggered by temperature vari-
ations and/or mechanical loading. SMAs have found applica-
tions in aerospace, automotive, biomedical, oil and gas explo-
ration, and energy storage industries owing to their superior per-
formance when compared to conventional materials [1]. Study-
ing the failure mechanisms of SMAs has been of recent inter-
est [2–5]. Understanding the fracture response and crack growth
behavior of SMAs is thus crucial for robust and reliable design
of geometrically large SMA components and their successful
integration into smart structures. However, presence of stress-
induced transformation zone near the crack-tip, along with non-
linear thermomechanical material response in SMAs (viz. trans-
formation induced plasticity, martensite variant reorientation,
and strong thermomechanical coupling) complicates the study of
their fracture behavior [6].
Implementing various constitutive models [7–11], fracture
of SMAs has been studied numerically in the presence of sta-
tionary cracks [12–19]. It is shown that stress concentration at
the crack tip causes forward transformation (i.e. austenite to
martensite) that acts as a mechanism for energy dissipation sim-
ilar to plastic deformation. Energy dissipation at the crack tip
through forward phase transformation can lead to stable crack
growth under nominally isothermal mechanical loading [20–29]
and thermo-mechanical loading [30–36]. In the present work,
crack growth in SMAs under mode-I, isothermal loading is in-
vestigated via finite element analysis (FEA). Compact tension
(CT) specimen is modeled in Abaqus where the parameters for
the model calibration are acquired from near-equiatomic nickel-
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titanium (NiTi) SMA. Analysis is carried out for mode-I, isother-
mal monotonic loading and crack growth response under both
plane strain and plain stress conditions is examined.
The remainder of the paper is organized as follows. First, a
constitutive material model that describes the thermomechanical
response of polycrystalline SMAs is given. Next, formulation
of the finite element boundary value problem, solution method-
ology and fracture criterion are described. Then, crack growth
simulation results are presented and the key findings are summa-
rized and their implications discussed.
MATERIAL MODEL
In this section, the constitutive model for polycrystalline
SMAs proposed by Boyd and Lagoudas [7] is described. This
model is developed within the framework of continuum thermo-
dynamics and adopts the classical rate-independent small-strain
flow theory for the evolution equations of the transformation
strains.
The increments of the strain tensor components are given by
dεi j = Si jkldσkl +dSi jklσkl +dε ti j, (1)
where Si jkl are the components of the current compliance ten-
sor, and σi j, ε ti j are the Cartesian components of the stress tensor
and transformation strain tensor, respectively. Si jkl vary with the
martensite volume fraction, ξ , as
Si jkl = (1−ξ )SAi jkl +ξSMi jkl , (2)
where SAi jkl , S
M
i jkl are the components of the austenite and marten-
site compliance tensor, respectively. Assuming elastic isotropy
for both phases
Sαi jkl =
1+να
2Eα
(δilδ jk +δikδ jl)− ναEα δi jδkl , (3)
where α stands for A or M for austenite or martensite, respec-
tively. E is Young’s modulus, ν is Poisson’s ratio, and δi j is
Kronecker’s delta. The transformation strain, ε t , is related to the
martensitic volume fraction, ξ , by the evolution equation
dε ti j = Λi jdξ , (4)
where Λi j, the components of the direction tensor, are defined
during forward transformation as
Λ f wdi j =
3
2
Hcur
σ¯
si j. (5)
Here, σ¯ is the Mises equivalent stress σ¯ =
√
3
2 si jsi j and si j are
the component of deviatoric stress tensor si j = σi j − σkkδi j/3.
Hcur is the transformation strain at the current stress level and is
represented as an exponential function of the applied stress:
Hcur(σ¯) = Hsat
(
1− e−kσ¯
)
, (6)
where Hsat is saturated value of Hcur and k controls the rate at
which Hcur exponentially evolves from 0 to Hsat . During forward
transformation, the stress remains on the transformation surface,
i.e. Φ f wd = 0, where
Φ f wd = pi f wd −Y0, dξ > 0. (7)
pi f wd is the thermodynamic driving forces for forward transfor-
mation and Y0 is the threshold value for activation of the trans-
formation. pi f wd is given by
pi f wd = σi jΛ f wdi j +
1
2
∆Si jklσi jσkl +ρ∆s0T −ρ∆u0− f f wd , (8)
where T is the temperature, s0 is the specific entropy, u0 is the
internal energy, ρ is the density and ∆ denotes the difference in
property between the martensitic and the austenitic states. f f wd
is the hardening function during forward phase transformation
f f wd =
1
2
α1(1+ξ n1 − (1−ξ )n2)+α2, (9)
where α1, α2, n1, n2 are coefficients that assume real number
values. Given these constitutive relations, the following model
parameters need to be calibrated: (i) the elastic properties of
martensite and austenite, (ii) parameters contained in Eq. (6), and
(iii) the model parameters that are characteristic of the marten-
sitic transformation, i.e. ρ∆s0, ρ∆u0, α1, α2, Y0.
The material properties that are used to calibrate the model
are EA, EM , νA, νM , Hsat , Ms, M f , and CM . Here, Ms, M f are
the martensitic start and martensitic finish temperatures at zero
load, respectively, and CM is the forward transformation slope
in the stress–temperature phase diagram (Fig. 1). The parame-
ters used in this study are shown in Table 1. The elastic con-
stants are measured from isothermal stress–strain curves. The
parameters for Hcur(σ¯) are calibrated using isobaric testing, and
the remaining parameters are obtained from the corresponding
stress–temperature curves [1].
METHODOLOGY
In this study, a CT specimen is modeled in Abaqus finite
element suite. The boundary value problem is shown in Fig. 2,
2
Parameter Value Parameter Value
EA 68 GPa Ms 340 K
EM 62 GPa M f 330 K
νA, νM 0.33 CM 15 MPa/K
Hsat 0.05 kt 0.026 MPa−1
TABLE 1. Material parameters used for finite element simulations.
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FIGURE 1. Schematic of the phase diagram and loading path.
where displacement of the top hole is fixed (but rotation is al-
lowed) while a vertical displacement is applied to the bottom
hole to mimic the Mode-I experiment. Isothermal loading path
is adopted at T = 80◦C, a temperature above Ms and below As.
Due to the chosen initial temperature, the entire material only
undergoes stress-induced forward phase transformation and no
reverse transformation takes place at any material point. Con-
sequently, the material is initially in austenitic state and upon
isothermal loading will undergo forward transformation (Fig. 1).
A pre-crack represented by “unbonded” nodes (Fig. 2) is mod-
eled that simulates the fatigue-induced pre-crack in a typical CT
specimen. The ratio of the total crack size, a (notch-plus-pre-
crack), to specimen width, W, is set to a/W = 0.5 and crack
propagates along a predefined path. A finite element mesh of
four-node, isoparametric, quadrilateral elements is used which
is highly refined along the crack line to accurately capture the
near-tip fields (Fig. 2). Crack tip energy release rate (GI) is used
as the driving force for crack growth and virtual crack closure
technique (VCCT) is implemented to calculate GI . For the two-
dimensional four-node elements placed in the crack front, the
v
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FIGURE 2. Finite element boundary value problem, mesh geometry,
and VCCT for four-noded elements.
energy release rate is computed as
GI =− 12∆aF
i
2(u
l
2−ul∗2 ), (10)
where F i2 represent the nodal force at the crack tip and perpen-
dicular to the crack plane, and ul2 and u
l∗
2 indicate the opening
displacement of the upper and lower crack surfaces, respectively
(Fig. 2). Following assumptions are made: (i) a crack extension
of ∆a does not significantly affect the state of the crack tip, (ii)
the energy released during a crack extension of ∆a is identical
to the energy required to close the crack by ∆a. Crack growth
occurs when GI attains the critical value, GIc. This critical value,
i.e. fracture toughness, is measured for a near-equiatomic NiTi
at T = 80◦C as JIc = 137 KJ/m2 [37, 38].
RESULTS AND DISCUSSION
Numerically obtained load per unit area of unbroken liga-
ment vs. normalized displacement curves under plane strain and
plane stress isothermal tensile loading of the SMA CT specimen
are shown in Fig. 3. Load is calculated from the reaction force at
the top pin hole while displacement is obtained from the bottom
pin hole, where the boundary condition is imposed. The load-
displacement curves in plane strain and plain stress are charac-
terized by a linear response in the early stages of loading (cor-
responding to linear elastic response of pure austenite), followed
by a deviation from linearity (corresponding to forward phase
transformation from austenite to martensite starting at the crack
tip) and a maximum tensile load, followed by gradual load drop.
While the general trends in the two curves are alike, there are
3
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FIGURE 3. Load per unit area of unbroken ligament vs. normalized
displacement curves for isothermal loading of the CT SMA model under
plane strain and plane stress conditions.
some key differences. After a linear elastic response in the begin-
ning, the curve corresponding to plane stress condition deviates
from linearity earlier compared to plane strain. The load drop
after is also much more pronounced under plane stress. These
observations can be explained based on the stress state that ex-
ists in the material in these two cases: under plane strain, an
out-of-plane stress component exists in the specimen and thus
the equivalent stress at the crack-tip is lower compared to that
under plane stress.
The difference between load-displacement response of plane
strain and plane stress cases can be further explained by exam-
ining the stress-induced martensitic transformation zone. Upon
mode-I loading, the stress at the crack tip increases and stress-
induced transformation zone appears when it reaches the critical
value for transformation. To that end, the evolution of martensite
volume fraction, ξ , is plotted at the following points: (i) at the
early stage of loading corresponding to a vertical displacement of
v = 0.5 mm, (ii) at the onset of crack extension, (iii) at the max-
imum attained load, and (iv) after 2 mm crack extension. This
is presented in Fig. 4 (a),(b),(c), and (d), respectively, for plane
strain (left) and plane stress (right) analysis. Martensite volume
fraction contours are mapped onto the reference configuration
of the material specimen for ease of comparison. Comparing
the plane strain and plane stress results, in Fig. 4(a), the region
of fully transformed material is relatively larger and transforma-
tion occurs primarily in front of the crack tip in plane stress, as
apposed to that in plane strain, where the transformation zone
extends along two lobes at an angle to the crack line on either
sides. Since the out of plane stress component is zero in plane
stress, the maximum shear stress occurs in planes making 45◦
with the plane of the specimen. On the other hand, the maximum
shear stress in plane strain occurs in planes normal to the plane
of specimen making 45◦ with the crack plane. Consequently,
the stress required to initiate transformation at a material point
close to the crack-tip is higher in plane strain, giving rise to a
smaller transformation zone than that in plane stress [39]. At the
onset of crack extension, Fig. 4(b), the transformation zone ex-
pands in both cases, while in plane strain it starts to interact with
the transforming region under compression at the opposite end
of the specimen. When the energy release rate at the crack tip
reaches the critical value, the crack extends into a region of fully
transformed martensite. At maximum load (Fig. 4(c)), interac-
tion between the near-tip transformation and the transformed re-
gion at the end of the specimen is also visible in plane stress. In
the plane strain maximum load case, the transformation zone is
extended well beyond the near-tip region. After substantial crack
propagation (Fig. 4(d)), bulk of the material in front of the crack
tip has transformed in plane strain and transformation zone ex-
tends to the specimen boundaries; whereas under plane stress,
the near-tip and compressive transformation region has grown in
size.
Normalized von Mises equivalent stress, σ¯ , ahead of the
crack-tip for plane strain and plane stress conditions prior to
crack extension (i.e. when v = 0.5 mm) is shown in Fig. 5. The
stress is normalized by EAHsat and the length parameter is nor-
malized by initial length of the unbroken ligament, b0. The stress
distribution can be explained by considering three regions at the
vicinity of crack-tip: a fully transformed region close to the tip,
an untransformed region further away from it, and a partially
transformed region in between. Inside the untransformed austen-
ite, stress increases as one approaches the crack tip. A plateau
is observed in the partially transformed region which contains a
mixture of the austenite and martensite phases. Stress increases
abruptly within the fully transformed martensite in the region
very close to the crack tip. The corresponding transformation
zone boundaries are also included in the figure to better under-
stand the role of stress-induced transformation. Although the
overall variation of stress is similar, magnitude of the von Mises
stress is higher under plane stress than that under plane strain.
Crack growth resistance curve (R-curve) under plane strain
and plane stress are plotted in Fig. 6. At each point corresponding
to a node release in the finite element mesh, GI is calculated from
the load-displacement curve and normalized by GIc-value corre-
sponding to the onset of crack extension. Crack extension, ∆a, is
obtained by post processing the status of nodes along the prede-
fined crack path, and is normalized by the the initial crack size,
a0. A rising R-curve is observed for both plane stress and plane
strain conditions. The rising behavior indicates fracture tough-
ness enhancement and is associated with closure stresses acting
on the crack tip as a result of the transformed material left behind
in the wake of the advancing crack tip [23]. In other words, as
the crack extends into the fully transformed material, the marten-
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FIGURE 4. Evolution of martensite volume fraction, ξ , for plane
strain (left) and plane stress (right) analyses: (a) at the early stages of
loading corresponding to a vertical displacement of v = 0.5 mm; (b) at
the onset of crack extension; (c) at the maximum attained load; and (d)
after 2 mm crack extension.
sitic material left behind the crack and provides shielding to the
crack that leads to an apparent increase in the fracture toughness,
requiring further loading to sustain the stable crack extension.
Out of the total energy supplied to the specimen from applied
external loading, a part is utilized in transformation dissipation
while the rest is separation work, i.e. work required to create
new crack surfaces. Due to these competing phenomena, as long
as the energy dissipated due to phase transformation is relatively
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FIGURE 5. Stress distribution near the crack tip of CT SMA model
under plane strain and plane stress conditions at v = 0.5 mm along with
the corresponding transformation zone boundaries.
small compared to separation work, crack propagation will dom-
inate as a mechanism for energy dissipation and crack will grow
in the fully transformed martensitic region in a quasi-static stable
manner. Comparing the plane strain and plane stress results, it is
obvious that slope of the R-curve is more gradual for the latter
analysis, and is apparent in the pronounced softening during load
drop in the associated load-displacement behavior (Fig. 3). This
softening points to a preference to crack propagation as opposed
to phase transformation as a mechanism for dissipation under
plane stress. The contribution of transformation strain work is
small compared to the separation work in plane stress condition,
since a large region close to the crack tip is already fully trans-
formed. Plane strain crack resistance curve, on the other hand,
shows a steep increase in the crack tip energy release rate during
crack propagation. This indicates that increasing amount of en-
ergy supplied to the material in plane strain is utilized in transfor-
mation dissipation rather than formation of new crack surfaces,
and is apparent in the generation of relatively large scale trans-
formation regions in plane strain (Fig. 4(d)).
CONCLUSIONS
In this work, crack growth problem in an SMA CT specimen
subjected to mode-I, isothermal loading is studied in Abaqus fi-
nite element suite. VCCT is used to model crack propagation and
crack growth is investigated under plane strain and plane stress
conditions. The load-displacement response is obtained for both
cases and the differences in characteristics of the curves are ex-
plained. Transformation zone near the crack-tip is also studied
by examining the evolution of martensite volume fraction during
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FIGURE 6. Resistance curves for isothermal loading of the CT SMA
model under plane strain and plane stress conditions.
different stages of loading and resultant crack growth, and it is
found that the transformation zone is larger and more pronounced
at the crack-tip region under plane stress. The effect of transfor-
mation zone on stress distribution ahead of the crack-tip is dis-
cussed. Moreover, the crack resistance R-curve is obtained un-
der plane strain and plane stress conditions and a rising R-curve
is observed in both cases indicating fracture toughness enhance-
ment. It is found that slope of the R-curve is more gradual for the
plane stress analysis due to softening in the load-displacement
curve whereas a much steeper response is observed under plane
strain, and the different behavior is explained in terms of the
dominant mechanism for energy dissipation in each case: phase
transformation in plane strain vs. quasi-static stable crack prop-
agation in plane stress.
ACKNOWLEDGMENT
This material is based upon work supported by AFOSR un-
der Grant No. FA9550-15-1-0287.
REFERENCES
[1] Lagoudas, D., 2008. Shape Memory Alloys: Modeling
and Engineering Applications. Springer ebook collection /
Chemistry and Materials Science 2005-2008. Springer US.
[2] Mohajeri, M., Lopez, H. C., and Lagoudas, D. C., 2018.
“Evolution of passive film behavior on mechanically pol-
ished niti shape memory alloy during forward martensitic
transformation”. arXiv preprint arXiv:1802.09606.
[3] Mohajeri, M., Haghgouyan, B., Castaneda, H., and
Lagoudas, D. C., 2018. “Nickel titanium alloy failure anal-
ysis under thermal cycling and mechanical loading: A pre-
liminary study”. arXiv preprint arXiv:1803.01110.
[4] Mohajeri, M., Castaneda, H., and Lagoudas, D., 2018.
“Corrosion monitoring of niti alloy with small-amplitude
potential intermodulation technique”. In Behavior and Me-
chanics of Multifunctional Materials and Composites XII,
Vol. 10596, International Society for Optics and Photonics,
p. 1059616.
[5] Phillips, F. R., and Lagoudas, D. C., 2018. “Effect of stress
redistribution during thermal actuation of shape memory
alloys in notched cylindrical bars”. Journal of Intelligent
Material Systems and Structures, p. 1045389X18758185.
[6] Baxevanis, T., and Lagoudas, D., 2015. “Fracture mechan-
ics of shape memory alloys: review and perspectives”. In-
ternational Journal of Fracture, 191(1-2), pp. 191–213.
[7] Boyd, J. G., and Lagoudas, D. C., 1996. “A thermodynam-
ical constitutive model for shape memory materials. part i.
the monolithic shape memory alloy”. International Journal
of Plasticity, 12(6), pp. 805–842.
[8] Zaki, W., and Moumni, Z., 2007. “A three-dimensional
model of the thermomechanical behavior of shape memory
alloys”. Journal of the Mechanics and Physics of Solids,
55(11), pp. 2455–2490.
[9] Hartl, D. J., Solomou, A., Lagoudas, D. C., and Saravanos,
D., 2012. “Phenomenological modeling of induced trans-
formation anisotropy in shape memory alloy actuators”. In
Behavior and Mechanics of Multifunctional Materials and
Composites 2012, Vol. 8342, International Society for Op-
tics and Photonics, p. 83421M.
[10] Xu, L., Baxevanis, T., and Lagoudas, D., 2017. “A fi-
nite strain constitutive model considering transformation
induced plasticity for shape memory alloys under cyclic
loading”. In 8th ECCOMAS Thematic Conference on
Smart Structures and Materials, pp. 1645–1477.
[11] Xu, L., Baxevanis, T., and Lagoudas, D. C., 2017. “A finite
strain constitutive model for martensitic transformation in
shape memory alloys based on logarithmic strain”. In 25th
AIAA/AHS Adaptive Structures Conference, p. 0731.
[12] Yan, W., Wang, C. H., Zhang, X. P., and Mai, Y.-W., 2003.
“Theoretical modelling of the effect of plasticity on reverse
transformation in superelastic shape memory alloys”. Ma-
terials Science and Engineering: A, 354(1), pp. 146–157.
[13] Wang, X., Wang, Y., Baruj, A., Eggeler, G., and Yue, Z.,
2005. “On the formation of martensite in front of cracks
in pseudoelastic shape memory alloys”. Materials Science
and Engineering: A, 394(1), pp. 393–398.
[14] Maletta, C., and Furgiuele, F., 2010. “Analytical modeling
of stress-induced martensitic transformation in the crack tip
region of nickel–titanium alloys”. Acta Materialia, 58(1),
pp. 92–101.
[15] Baxevanis, T., Chemisky, Y., and Lagoudas, D., 2012. “Fi-
nite element analysis of the plane strain crack-tip mechan-
6
ical fields in pseudoelastic shape memory alloys”. Smart
Materials and Structures, 21(9), p. 094012.
[16] Baxevanis, T., and Lagoudas, D., 2012. “A mode I fracture
analysis of a center-cracked infinite shape memory alloy
plate under plane stress”. International journal of fracture,
pp. 1–16.
[17] Shafaghi, N., Haghgouyan, B., Aydiner, C. C., and An-
las, G., 2015. “Experimental and computational evaluation
of crack-tip displacement field and transformation zone in
niti”. Materials Today: Proceedings, 2, pp. S763–S766.
[18] Hazar, S., Anlas, G., and Moumni, Z., 2016. “Evaluation
of transformation region around crack tip in shape memory
alloys”. International Journal of Fracture, 197(1), pp. 99–
110.
[19] Haghgouyan, B., Shafaghi, N., Aydıner, C. C., and Anlas,
G., 2016. “Experimental and computational investigation
of the effect of phase transformation on fracture parame-
ters of an sma”. Smart Materials and Structures, 25(7),
p. 075010.
[20] Yan, W., Wang, C. H., Zhang, X. P., and Mai, Y.-W., 2002.
“Effect of transformation volume contraction on the tough-
ness of superelastic shape memory alloys”. Smart materials
and structures, 11(6), p. 947.
[21] Freed, Y., and Banks-Sills, L., 2007. “Crack growth resis-
tance of shape memory alloys by means of a cohesive zone
model”. Journal of the Mechanics and Physics of Solids,
55(10), pp. 2157–2180.
[22] Creuziger, A., Bartol, L., Gall, K., and Crone, W., 2008.
“Fracture in single crystal niti”. Journal of the Mechanics
and Physics of Solids, 56(9), pp. 2896–2905.
[23] Baxevanis, T., Parrinello, A., and Lagoudas, D., 2013. “On
the fracture toughness enhancement due to stress-induced
phase transformation in shape memory alloys”. Interna-
tional Journal of Plasticity, 50, pp. 158–169.
[24] Hazar, S., Zaki, W., Moumni, Z., and Anlas, G., 2015.
“Modeling of steady-state crack growth in shape memory
alloys using a stationary method”. International Journal of
Plasticity, 67, pp. 26–38.
[25] Kelton, R., Fathi, J., Meletis, E. I., and Huang, H., 2017.
“Study of the surface roughness evolution of pinned fatigue
cracks, and its relation to crack pinning duration and crack
propagation rate between pinning points”. In ASME 2017
International Mechanical Engineering Congress and Expo-
sition, ASME, pp. V009T12A007–V009T12A007.
[26] Kelton, R., Sola, J. F., Meletis, E. I., and Huang, H., 2018.
“Visualization and quantitative analysis of crack-tip plastic
zone in pure nickel”. JOM, pp. 1–7.
[27] Haghshenas, A., and Khonsari, M., 2018. “Damage accu-
mulation and crack initiation detection based on the evolu-
tion of surface roughness parameters”. International Jour-
nal of Fatigue, 107, pp. 130–144.
[28] Mehdizadeh, M., and Khonsari, M., 2018. “On the role of
internal friction in low-and high-cycle fatigue”. Interna-
tional Journal of Fatigue, 114, pp. 159–166.
[29] Haghgouyan, B., Jape, S., Hayrettin, C., Baxevanis, T.,
Karaman, I., and Lagoudas, D. C., 2018. “Experimen-
tal and numerical investigation of the stable crack growth
regime under pseudoelastic loading in shape memory al-
loys”. In Behavior and Mechanics of Multifunctional Ma-
terials and Composites XII, Vol. 10596, p. 1059612.
[30] Baxevanis, T., Parrinello, A., and Lagoudas, D., 2016. “On
the driving force for crack growth during thermal actuation
of shape memory alloys”. Journal of the Mechanics and
Physics of Solids, 89, pp. 255–271.
[31] Jape, S., Baxevanis, T., and Lagoudas, D., 2016. “Stable
crack growth during thermal actuation of shape memory al-
loys”. Shape Memory and Superelasticity, 2(1), pp. 104–
113.
[32] Iliopoulos, A., Steuben, J., Kirk, T., Baxevanis, T., Mi-
chopoulos, J., and DC, L., 2017. “Thermomechanical fail-
ure response of notched niti coupons”. International Jour-
nal of Solids and Structures, 125, pp. 265–275.
[33] Jape, S., Baxevanis, T., and Lagoudas, D., 2018. “On
the fracture toughness and stable crack growth in shape
memory alloy actuators in the presence of transformation-
induced plasticity”. International Journal of Fracture, 209,
pp. 117–130.
[34] Jape, S., Baxevanis, T., and Lagoudas, D., 2014. “Stable
crack growth during actuation in shape memory alloys”.
In Behavior and Mechanics of Multifunctional Materials
and Composites, Vol. 9058, Proceedings of SPIE. doi:
10.1117/12.2048590.
[35] Jape, S., Baxevanis, T., Parrinello, A., and Lagoudas, D.,
2015. “On the fracture response of shape memory alloy ac-
tuators”. In Proceedings of the TMS Middle East: Mediter-
ranean Materials Congress on Energy and Infrastructure
Systems (MEMA 2015), John Wiley & Sons, pp. 165–180.
[36] Jape, S., Baxevanis, T., Solomou, A., and Lagoudas, D.,
2016. “Fracture toughness of shape memory alloy actua-
tors: effect of transformation-induced plasticity”. In Proc.
SPIE 9800, Behavior and Mechanics of Multifunctional
Materials and Composites 2016 (MEMA 2015), John Wi-
ley & Sons, pp. 98000C(1–10).
[37] Haghgouyan, B., Hayrettin, C., Baxevanis, T., Karaman, I.,
and Lagoudas, D. C., 2018. “On the experimental evalu-
ation of the fracture toughness of shape memory alloys”.
In TMS Annual Meeting & Exhibition, Springer, pp. 565–
573.
[38] Haghgouyan, B., Hayrettin, C., Baxevanis, T., Karaman, I.,
and Lagoudas, D. C., 2019. “Fracture toughness of niti–
towards establishing standard test methods for phase trans-
forming materials”. Acta Materialia, 162, pp. 226–238.
[39] Gdoutos, E. E., 2006. Fracture mechanics: an introduction,
Vol. 123. Springer Science & Business Media.
7
